Background: Malignant insulinoma is extremely rare and accounts for only 10% of total insulinoma cases. The goal of this study is to retrospectively analyze clinical data from 15 patients with malignant insulinoma treated at Peking Union Medical College Hospital (PUMCH) from 1984 to April 2017. Methods: "Malignant insulinoma" was used as the keywords in the PUMCH medical record retrieval system to search and obtain patients' clinical information. We identified subjects diagnosed with malignant insulinoma based on clinical or surgical pathological signs and subsequently analyzed their clinical data.
Background
Insulinoma is a type of functional pancreatic neuroendocrine tumor (pNET) that originates from islet beta cells, which excessively secrete insulin and cause hypoglycemia. Insulinoma is the most common functional pNET, with a prevalence of approximately one to four cases per million people [1] . Four features of insulinoma are associated with four "90%" parameters: 90% are benign, 90% are solitary, 90% occur in the pancreas, and 90% are less than 2 cm in diameter [1] . Malignant insulinoma is extremely rare and accounts for only about 10% of all insulinoma cases [2] . Malignant insulinoma refers to cases exhibiting local invasion or distal metastasis, which is the only biological property that differentiates malignant cases from benign cases. Clinical manifestations, biochemical traits, and pathology cannot be used as direct evidence for identification. Benign insulinomas are typically treated surgically, whereas malignant insulinomas often require comprehensive approaches to maximize patient survival. In this study, we analyzed the clinical data of 15 cases of malignant insulinoma treated at the Peking Union Medical College Hospital (PUMCH) from 1984 to April 2017.
Methods
Study subjects "Malignant insulinoma" was used as the keywords to search the PUMCH medical record retrieval system for patients with a discharge diagnosis of malignant insulinoma and their related clinical data from 1984 to April 2017. The search yielded 25 patients. Among these patients, the medical records of three patients were unavailable, two patients were later diagnosed with benign insulinoma, two patients were diagnosed with recurrent insulinoma, two patients were diagnosed with multiple insulinomas, and one patient had no clear diagnosis; therefore, 15 patients diagnosed with malignant insulinoma based on clinical and/or pathological evidence were included in this study. The clinical diagnostic criteria for malignant insulinoma included the following: i) hypoglycemic symptoms and the Whipple triad; ii) endogenous hyperinsulinemic hypoglycemia symptoms, with a blood glucose level < 3 mmol/L, insulin level > 3 μIU/mL, and C-peptide level > 0.6 ng/mL; and iii) pancreatic tumors with local infiltration or distant metastases based on evidence from one or several imaging methods. In addition, the pathological diagnostic criteria included a clinical diagnosis with surgical or puncture specimens indicative of a pNET [3] .
Study methods

Retrieval of clinical information
We retrospectively analyzed the detailed clinical information of the 15 patients, including 1) general information, such as gender, age at disease onset, age at diagnosis, family history, and the presence of multiple endocrine neoplasia; 2) clinical signs, such as the time of hypoglycemia onset and neuroglycopenic and autonomic symptoms at hypog lycemia onset; and 3) qualitative and localization diagnostic information; the qualitative diagnosis included the blood glucose, insulin, and C-peptide levels at hypoglycemia onset, and localization methods included abdominal ultrasound, abdominal enhanced computed tomography (CT), pancreatic volume perfusion CT, octreotide imaging, and selective celiac arteriography; 4) treatments, including surgery, interventional approaches, chemotherapy, and somatostatin analogues; 5) tumor characteristics, including the number, size, distribution, and location and metastasis information; and 6) pathological information. Most patients did not have detailed histological information, and we could not perform tumor staging or analyze the Ki-67 index. Moreover, we divided the 15 patients into two groups according to the timing of metastasis diagnosis: metastasis upon diagnosis or metastasis during the follow-up. Then, some clinical characteristics were compared between the groups. All follow-up visits were performed by phone calls in which the patients or their family members stated the disease conditions.
Biochemical assays
Glucose detection The glucose oxidase assay was performed to determine the serum glucose level. The serum insulin and C-peptide levels were examined using radioimmunoassays (DPC, America) prior to 1991 and chemiluminescence assays (ADVIA Centaur XP, Siemens) after 1991. All tests were performed in the Clinical Laboratory of the PUMCH.
Data analysis
Continuous data are expressed as the mean ± standard deviation when they were normally distributed or as the median (interquartile range) when they were not normally distributed. A t test was performed to compare the means of the continuous data with a normal distribution, whereas the Mann-Whitney U test was used for continuous data with a non-normal distribution. Statistical analyses were performed using IBM SPSS Statistics Version 22.0 (Chicago, IL, USA). A two-tailed P < 0.05 was considered significant.
Results
Basic characteristics
The 15 patients included eight males and seven females with a median age at diagnosis of 40 (38-54) years. Eight patients (53%), including four males and four females, had metastases upon diagnosis, whereas the seven remaining patients, including four males and three females, developed hepatic metastases 2 to 25 years after the insulinoma diagnosis. The most common site of metastasis was the liver (86.7%), followed by local tissues and blood vessels (33%) and abdominal lymph nodes (13%). Two patients (13%, Nos. 9 and 15) experienced hepatic metastases and pancreatic local recurrence during the follow-up visits (Table 1) .
Clinical manifestations
All 15 subjects showed symptoms of hypoglycemia manifesting as neuroglycopenic symptoms (100%) and/or autonomic symptoms (60%). The most common neurogly copenic symptoms included confusion (80%), coma (46.7%), behavioral changes (46.7%), and seizure (40%). The most common autonomic symptoms included sweating (53.3%), weakness (40%), palpitations (33.3%), and hunger (20%). Symptoms other than hypoglycemia were rare, and only one patient (No. 1) developed repeated back pain at disease onset, while one patient (No. 12) presented with discomfort under the xiphoid process and in the right abdomen at the time of liver metastasis diagnosis at a follow-up visit.
Hypoglycemia most often occurred during periods of fasting (73.3%), followed by before lunch or before dinner (46.7%), whereas hypoglycemia was rare after meals 
Biochemical analysis and lesion localization
All patients denied previous use of sulfonylureas or insulin. Eleven patients had documented blood glucose, insulin, and C-peptide levels (Table 1) , which were all consistent with the criteria for endogenous hyperinsulinemic hypogl ycemia. A comparison between the patients with metastases upon diagnosis and their counterparts who developed metastases during the follow-up revealed that the former group appeared to have lower glucose levels but higher insulin and C-peptide levels than the latter group, although the differences were not significant ( Table 2) . Ten patients had histological confirmation of a pancreatic primary lesion or liver metastatic lesion through surgical or puncture biopsy pathology.
All patients except for one had a solitary pancreatic primary lesion. The maximal diameters of the primary lesions ranged between 0.9 and 6.0 cm, 53% of the lesions were located in the head and neck, and 47% of the lesions were located in the body and tail. The most common metastatic site was the liver (86.7%), and almost all cases of liver metastasis (84.6%) involved multiple hepatic metastases. Among the eight patients with metastasis at diagnosis, tumors were evenly distributed in the head, body, and tail of the pancreas; however, among the seven patients who developed metastasis during the follow-up visits, 50% of the tumors were in the head of the pancreas (Table 1) .
Spearman analysis was performed to test the associations between the tumor size and insulin, C-peptide, and glucose levels. We have found a positive correlation between tumor size with both insulin and C-peptide levels(r = 0.183, P = 0.613; and r = 0.268, P = 0.493, respectively), but a negative correlation between tumor size and glucose levels (r = − 0.182, P = 0.572), although none of the differences reached significance due to the small sample size.
Sensitivity of localization tests
Of the 10 patients with a histologically confirmed pancreatic primary lesion or liver metastatic lesion, 6 patients received selective celiac arteriography 7 times, and the sensitivity for both primary pancreatic lesions and liver metastases was 100%. Next, we used celiac arterial angiography or pathological confirmation as the gold standard to analyze the sensitivity of other preoperative noninvasive localization examinations, as shown in Table 3 .
Treatment and efficacy
Of the eight patients with metastases at diagnosis, four patients underwent surgery, three of whom displayed total or partial remission of hypoglycemia (75%) ( Table 1 ). Among the other four patients who did not undergo surgery, one rejected any treatment, two underwent transcatheter arterial (chemo) embolization (TAE/ TACE) but were later lost to follow-up, and one patient (Patient No. 3) received somatostatin analogues (five treatments of Sandostatin LAR and four treatments of Somatuline), which alleviated hypoglycemic symptoms.
Of the seven patients who showed no metastases at diagnosis, five patients underwent enucleation, one patient (Patient No. 13) underwent distal pancreatectomy and splenectomy, and one patient (Patient No. 11) underwent complete pancreatectomy; all patients achieved complete remission of hypoglycemia. During the follow-up, two of these patients displayed a single liver metastasis, and resection of the liver lesion relieved hypoglycemia in only one of these patients (50%). Of the other 5 patients who displayed multiple liver metastases, one underwent surgery combined with TAE/ TACE, which resulted in complete remission of hypoglycemia, one patient received somatostatin analogues, and three patients received only TAE/ TACE, resulting in only temporary remission or no remission (Table 1) .
Because the availability of diazoxide was limited in hospitals and pharmacies in mainland China, only one patient (Patient No. 10) received diazoxide in a short period of time, but the drug was discontinued due to poor performance.
Follow-up visits
Of the 15 patients, six completed the follow-up visits, with a duration ranging from nine months to 29 years. All six of these subjects survived. The period from metastasis occurrence to follow-up ranged from nine months to 14 
Discussion
Insulinoma is the most common functional pancreatic neuroendocrine tumor (pNET), and malignant insulinoma is very rare, with a prevalence of only one case per million people [4] , accounting for 7-10% of all cases of insulinoma [1, 5] . In this study, we retrospectively analyzed the clinical data of 15 cases of malignant insulinoma treated at the PUMCH from 1984 to April 2017. The numbers of males and females were similar, and the median age at diagnosis was 40 (38-54) years. More than 50% of the patients exhibited metastases at diagnosis, with the liver as the most common metastatic site. The main clinical manifestations were hypoglycemia-related symptoms. Unlike patients with benign insulinoma, those with the malignant type exhibit pronounced neuroglycopenic symptoms. Selective celiac arteriography yielded 100% positive rates for both pancreatic primary lesions and liver metastases. Almost all patients had solitary lesions of different sizes in the pancreas, which were evenly distributed in the pancreas. The therapeutic approaches included surgery, TAE/ TACE, and somatostatin analogue administration. Malignant insulinoma has a reported onset age of 50-60 years, which is older than the ages of the patients in our report, and no gender preference [2] . Affected patients mostly exhibit neuroglycopenic symptoms, resulting from higher insulin and proinsulin secretion, which is consistent with our study. Although, the severity of hypoglycemia symptoms is reportedly not proportional to the tumor burden, we found a positive correlation between tumor size and insulin and C-peptide level [2, 6] .
Liver metastasis upon disease onset is the most common manifestation of malignant insulinoma. Rarely, malignancy is diagnosed at the time of recurrence, which occurs for only 2% of insulinomas overall [2] . The most common metastatic sites of malignant insulinoma are the abdomen, including the retroperitoneal lymph nodes and liver, while bone, lung or other metastasis sites are rare [1, 2, 7] . In our study, more than 80% of the patients displayed liver metastasis, more than 30% of the patients showed invasion into local blood vessels or neighboring tissues, only one patient had brain metastasis, and one patient showed lung metastasis and suspected bone metastasis, which are consistent with previous studies.
Among noninvasive localization methods for insulinoma, abdominal ultrasound had a relatively low sensitivity of 9-64% [8] , CT and magnetic resonance imaging (MRI) yielded a sensitivity of 56-70% and 63-86% separately [9, 10] . As for invasive approaches, sensitivity of endoscopic ultrasonography (EUS) was 86.6-92.3% [9] , and arteriography had a sensitivity of approximately 70% [11] . In our previous study, we separately analyzed the sensitivity for primary pancreatic lesions and liver metastases, and found that arteriography had the best performance and all of abdominal ultrasound, enhanced CT and volume perfusion CT (VPCT) had considerable higher sensitivities for detecting liver metastases versus pancreatic lesions. As for somatostatin receptor imaging, it was reported to generate a positive rate of 30-50% [2, 12] , and Jin et al. reported that it had an 85.7% sensitivity for malignant insulinoma, which was higher than for benign insulinoma (37.9%) [13] . In our study, because of only few cases detected, the results were all negative. Alternatively, if we used a clinical diagnosis of malignant insulinoma as the criterion, it produced a sensitivity of 80% (4/5) for pancreatic primary lesions and 50% (3/6) for liver metastases, which is consistent with previous results [13] .
A comprehensive approach is needed to treat malignant insulinoma, which includes medication, surgery, and interventional therapy. For patients with advanced or metastatic lesions, cytoreductive surgery is conducive to control hormone secretion [2] , although whether it can extend survival remains controversial. TAE/TACE is often used to manage liver metastases and has an effectiveness rate greater than 50% [3] . Therapy using somatostatin analogues has an objective remission rate (ORR) of less than 10% and a disease control rate (DCR) between 35 and 40% [3] . In our study, 7 patients underwent cytoreductive surgery when they developed metastases, 71.4% of whom displayed increased blood glucose levels and showed complete or partial remission of hypoglycemia. Therefore, surgery is an effective approach to control symptoms for patients with malignant insulinoma, although the curative outcome may differ from one patient to another. TAE/TACE and somatostatin treatment approaches generated remission rates lower than those reported in a previous study [14] , and the discrepancy may be due to the small study population and high loss to follow-up rate. Lepage et al. studied 81 patients with malignant insulinomas and found that they had a five-year survival rate of 55.6% [15] . A report from the Mayo Clinic following 13 cases of malignant insulinoma found that these patients had a 10-year survival rate of 29% [16] . No consensus has been reached regarding this discrepancy, although Ki67 was proposed to affect total survival [4] . Hirshberg et al. compared survivors of a long course of disease and patients with a poor prognosis and discovered that the two groups were almost indistinguishable in terms of their pathomorphology, insulin levels, and proinsulin levels and that neither liver metastasis nor lymph node metastasis was a factor that contributed to a poor prognosis [7] . Our study had relatively limited follow-up data and did not calculate time-dependent survival. However, one patient survived for 14 years from the discovery of metastasis, indicating that malignant insulinoma did not necessarily mean a poor prognosis and that patients may still have a long survival period [7] .
Strengths and limitations
This study has some strengths and limitations. The strengths include the long observation period analyzed and the comprehensive patient analysis. The main study limitations are those associated with the retrospective nature of the study, the small patient number, and the long enrollment period spanning over decades , which implies a lack of uniformity in the diagnostic criteria, imaging resources, and treatment options, as well as an absence of detailed histological information and a small number of patients who were followed up. Therefore, we could not perform tumor staging and grading, and analyze the survival rate.
Conclusion
Malignant insulinoma is extremely rare. More than 50% of the patients had already developed metastases upon diagnosis, with the liver as the most common site. The main clinical manifestations are hypoglycemia-related symptoms. Unlike benign insulinoma, the malignant type causes prominent neuroglycopenic symptoms. Regarding the localization examination, selective celiac arteriography generated positive rates of 100% for both pancreatic primary lesions and liver metastases. Some malignant insulinoma tumors were initially diagnosed as solitary benigh pancreatic tumors, indicating that the two types of tumor were difficult to distinguish clinically. However, patients with malignant insulinoma may develop metastasis during follow-up visits. Therefore, long-term follow-up visits are critical for patients with insulinoma.
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